Supercoiled mitochondrial DNA (mtDNA) has been isolated in preparative amounts from five different plant species and compared on agarose gels. The gels reveal considerable mtDNA size heterogeneity within each species as well as substantial differences in the range and frequency of the mtDNA size classes among the different plants. The two lowest size classes of three of the plants have been extracted and their molecular weights determined. Comparison of two 1J. tabacum W38 culture lines has revealed significant differences in their mtDNA size classes. However, despite the totally different supercoil patterns, these two lines have almost identical restriction digests. The availability of preparative amounts of separated mtDNA size classes will make it possible to carry out a detailed analysis of plant mitochondrial genomes.
INTRODUCTION
Electron microscopic studies from several plant systems including maize (1, 2, 3) , soybean C4) and tobacco (5) have revealed that most plant mitochondria have a heterogeneous population of circular DNA size classes extending from 0.5um to more than 30um in length. Fungal mitochondrial DNAs, on the other hand, are 15 to 25um and animal mtDNAs are only 4 to 6um. How the many size classes of plant mtDNA are related and why plants maintain such large, physically heterogeneous genomes remain largely unanswered questions.
A principal problem in analyzing plant mtDNAs has been the difficulty encountered in isolating significant quantities of the different size classes. With the exception of the small maize mitochondrial DNAs isolated by Kemble and Bedbrook (6) most investigators have been able to obtain only a small percentage of the plant mtDNA in the form of supercoiled or circular molecules, generally only enough for EM analysis. The rest of the mtDNA has been isolated as a mixture of linear and broken linear molecules that has been impossible to resolve into distinct size classes.
In this paper we wish to report our success in isolating ~}Ofo of the total plant mitochondrial DNA as supercoiled molecules, from a variety of 
MATERIALS AND METHODS

Chemicals and Enzymes
Chemicals and buffers were obtained from regular commercial sources. DNA samples (5ug or less) were digested with 10 units of enzyme under the conditions described by the suppliers of each enzyme for 2 hours at 37°C.
The reactions were terminated with a stop solution of Na ? EDTA, SDS, bromophenol blue and glycerol. Samples were electrophoresed in a 1% agarose gel using the conditions described above.
Electron Microscopy
DNAs were extracted from agarose gels using the freeze-squeeze tech-nique of Thuring et al. (10) . Samples were spread for electron microscopy using the aqueous procedure described by Ferguson and Davis (11) . RFII 0X174 DNA (5386 base pairs) was used as an internal standard. Grids were examined using a Philips 300 electron microscope. Photographs were taken, enlarged using a projector, traced, and measured. The two smallest size classes of the tobacco, bean and corn mtDNAs were extracted from agarose gels and the molecules measured in the electron microscope (see Table I ). In the case of both tf_. tabacum and P. vulgar is, the larger of the two mtDNA molecules is twice the size of the smaller one suggesting that the larger molecule may be a dimer of the smallest size class. This is clearly not the case with the two smallest corn mtDNAs which differ by only 0.3 kilobases. The availability in our laboratory of several culture lines from Solanaceous species other than Nlcotlana tabacum made it possible for us to comtiare the distribution of mtDNA size classes among species within a family and between different culture lines of the same cultivar. As can be seen in Supercoiled mtDNA of N. tabacum, P. vulgaris, and Z. mays was electrophoresed in a 0.4# agarose gel" The two lowest bands of"~each plant mtDNA were extracted, nicked, and the molecular weights of open circular molecules were measured and compared with 0X174 RFII DNA, an internal marker. 
DISCUSSION
We have demonstrated in this paper that it is possible to obtain signi- Certainly the physical heterogeneity we have observed in culture has been reported in isolations of mtDNA from plant tissue so that physical heterogeneity is not an artifact of growth in culture.
We have also shown that there is no alteration in the supercoiled mtDNA pattern as W38 tobacco cells progress from log-phase growth into a stationary and senescing state. Neither have we observed any alteration in the size class of supercoils isolated from our older tf38 culture over the past IB answering these questions since we are able to isolate substantial quantities of nlant mtDNAs intact and resolve the size classes on agarose gels. Future
